View metadata, citation and similar papers at core.ac.uk brought to you by .. CORE

provided by Publications of the IAS Fellows

Indian J Med Res 126, November 2007, pp 440-446

Effect of pretreatment with chromium picolinate on haematological
parameters during dengue virus infection in mice

Richa Shrivastava*, R. Nagar**, G.A. Ravishankar*, R.K. Upré&tiU.C. Chaturvedi

**Department of Microbiology, K.G. Medical University &ndustrial Toxicology Research Institute
Lucknow, India

Received April 26, 2007

Background & objectivesDengue virus (DV) has caused severe epidemics of dengue fever (DF) and
dengue haemorrhagic fever (DHF) and is endemic all over India. We have earlier reported that
exposure of mice to hexavalent chromium [Cr(VI)] compounds increased the severity of dengue
virus infection. Trivalent chromium picolinate (CrP) is used worldwide as micronutrient and
nutritional supplement. The present study was therefore, carried out to investigate the effects of
CrP on various haematological parameters during DV infection of mice.

Methods The Swiss Albino smice were inoculated with dengue virus (1000 LD intracerebrally)

and fed with chromium picolinate (CrP) in drinking water (100 and 250 mg/l) for 24 wk. Peripheral
blood leucocytes and other haematological parameters, and spleens were studied on days 4 and 8
after virus inoculations and the findings were compared with those given only CrP and the normal
control age matched mice.

Results CrP in drinking water for 24 wk had no significant effects on peripheral blood cells of mice.
On the other hand, there was significant decrease in different haematological parameters following
inoculation of normal mice with DV. In CrP fed mice the effects of DV infection were abolished on
most of the haematological parameters.

Interpretation & conclusions The findings of present study showed that the adverse effects of DV
infection, specially on platelets and leucocytes, were abrogated by pretreatment of mice with CrP.
The therapeutic utility of CrP in viral infections including dengue needs to be studied in depth.

Key words Blood cells - chromium picolinate - dengue virus - haematological indices - leucopenia - thrombocytopoenia

Dengue virus (DV) produces a benign self-limiting epidemics of DF and DHE. The dengue disease is
illness, the dengue fever (DF) or a life-threatening characterized by leucopenia, thrombocytopenia, bone
serious illness, the dengue haemorrhagic fever (DHF).marrow suppression, increased haematocrit value and
Dengue virus is endemic in India with frequent increased capillary permeability, which may result in
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haemorrhage and shock Immunopathological toxic trivalent chromium in the from of chromium

mechanisms appear to be responsible for thepicolinate (CrP).

patho_gene3|s of DHI_:. A rapld_ increase in the I(_evels of Material & Methods

cytokines and chemical mediators apparently induced

by a unigue cytokine, cytotoxic factor (CF), plays a key Animals The study was carried out on Swiss Albino

role in inducing plasma leakage, shock and mice weighing 25-30 g, aged 6-8 wk obtained from the

haemorrhagic manifestatiofs. animal breeding facility of the Industrial Toxicology

Research Centre (ITRC), Lucknow. Study protocol was
pproved by the Animal Ethical Committee of the ITRC,
ucknow. Mice were maintained on pellet diet supplied

'by local supplier.

Pollution of environment by chromium (Cr) is
common in industrialized areas as a consequence 0
effluent discharge from tanneries and other industries
which include metal plating, manufacturing industries
and ferrochrome production. This poses serious problenDengue virus Dengue type 2 virus, strain P23085
for environmental quality. In aqueous environments (received from National Institute of Virology, Pune) was
chromium has two oxidation states: hexavalentused in the form of infected infant mouse brain
chromium (Cr-VI) and trivalent chromium (Cr-1ll). Cr  suspension. Mice were given light ether anaesthesia and
(V1) compounds are generally soluble over a witle  then inoculated with 1000 Lpof DV intracerebrally
range and have been shown to exert toxic and(ic) in volume of 3Qul.
carcinogenic effects in humans and experimental
animals, also induce DNA damage such as DNA single-
strand breaks and DNA-protein crosslinksvivo and
in cultured cells. On the other hand, Cr (lll) compounds
are mainly non-toxi*>.

CrP treatment Mice were divided in three groups of
18 animals each. One group was giwah libitum
drinking water containing 100 mg/l chromium
picolinate, second group was given drinking water
containing 250 mg/l chromium picolinate and third
DV infection is endemic all over India, so is the group (control) was given plain water to drink. After
occupational and non occupational exposure to Cr (VI1).24 wk of CrP drinking, 12 animals in each group were
The effect of chromium compromises the immune inoculated i.c. with dengue virus in doses of 100@,LD
response of the hdst’. It is, therefore, possible that The mice were scarificed by cervical dislocation the 4
the chromium toxicity may adversely affect the disease(6 animals, clinical signs of illness appear) aftd®
process during DV infection. In our earlier study we animals, paralysis of hind limbs set in) day post virus
have reported that Cr (VI) in the form of potassium inoculation (pi).
dichromate drinking led to reduction in lymphocytes,
haemoglobin and the haematocrit values while the
granulocyte, monocyte and platelet counts were
increased. The most significant finding of these
experiments was that the DV-induced reduction of
platelet counts was cancelled in Cr (VI)-fed rtice

Haematological studyAnimals were sacrificed and 1.5
ml blood was collected from the jugular vein in tubes
with 0.1 ml freshly prepared 10 per cenf EDTA
solution as anticoagulant. The samples were shaken
gently. The following estimations were performed
immediately with the help of a fully automatic

Chromium picolinate monohydrate, (CrP) is a haematology analyzer (Bayer; Technicon H1*E,
synthetic Cr (Ill) compound that has widespread use assermany): total leucocyte count (TLC), differential
a nutritional supplement. It promotes a variety of leucocyte count (DLC), total RBC count, haematocrit
beneficial health effects including weight loss, serum (Hct), haemoglobin (Hb), mean corpuscular volume
cholesterol reduction, treatment of diabetes, and(MCV) and platelet counts.

;rr:crzaie]fj n;uscle trr?é%sctr P tﬁdmlms_tere;d to mt;feo'ln Preparation of spleen cell cultur&he spleen cells were
€ diet for s months up 1o theé maximal posSIDIE 00S€q . saq gyt in cold minimal essential medium (MEM,

(approximately 20,000-30,000 times that of the averageHi_Media’ Mumbai) and a single cell suspension was

daily human supplement 200 - 4n@) to show any prepared. The viable nucleated cell count as ascertained

23
aqlv_erse effe_cf@; - No effects of CrP exposure on by trypan blue dye exclusion t&sivas more than 95
clinical chemistry or haematology parameters, grossper cent

lesions, or microscopic findings have been obsétved . _ _
We, therefore, undertook this study to investigate theSpleen cell proliferation ass&y The cell suspension
effects of dengue virus infection in mice fed with non of normal mice spleen was adjusted to 2xddlis/m|
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in Eagle’s MEM supplemented with 10 per cent foetal leucocyte count was 11.5+4.6XAcubic millimeter (Cu
calf serum. Cell cultures were set up in 96 wells U- mm) with 87 per cent lymphocytes and about 9
bottom microtitre plates in triplicate. Each well per cent granulocytes. By giving CrP (100mg/l and
contained 0.2 ml cell suspension with or withoytg? 250mg/l) in drinking water for 24 wk the total as well
ml concanavalin A (Con A). The cultures were incubated as differential leucocyte counts were not affected
for 72 h at 37C in presence of 5 per cent €@ive significantly (Table I). In the normal mice DV infection
hours before the termination of the cultures, 2®f caused a significant reduction in the total leucocyte at
MTT3-(4,5-dimethyl thiazole-2-yl)-2,5-diphenyl day 4 P<0.05) and 8F<0.01) compared to uninfected
tetrazolium bromide (5mg/ml PBS, phosphate buffer mice. The predominant cells in the blood remained
saline) was added to each well. Cells were harvestedymphocytes in all the groups (Table I).
o e ey 1Efect o re blod celiseeding C had o fec
min at 570 nm using’630 nm as reference OD. All theOn the red blood cel! count, haemoglobln anql .MCV’
chemicals used were procured from Sigma Ué A yvhere as haematocrit concentration was significantly
' ' increased at 250 mg/l dose of CrP<Q.05) (Table II).
Preparation of spleen homogenatgpleens were Normal mice inoculated with DV showed reduced total
washed free of blood, homogenized in a tissueRBC counts P<0.01), haematocritR<0.05) and
homogenizer giving a 10 per cent solution (w/v) in haemoglobin P<0.05) at day 8 of DV inoculation
chilled PBS pH 7.2). The homogenate was centrifuged (Table II). In CrP fed mice DV inoculation caused no
in the cold at 800@ for 10 min and clear supernatant significant change in these indices.
was stored in small aliquots at 220 Normal mouse
spleen homogenates were prepared similarly and use
as control.

ffect on platelet counThe platelet count in the blood

f normal control mice was 406 + 81>1Qu mm,
whereas after 100 mg/l CrP drinking it significantly
Cytotoxicity test Cytotoxic factor (CF) is present in increased to 484 + 51 x4Cu mm P<0.05) but with
the homogenates prepared from the DV-infected mouse€50 mg/l CrP feeding count was slightly decreased to
spleen and has the capacity to kill normal mouse spleer366 + 52x1&ul compared to normal controls. When
cells in one hour time. The cytotoxic activity of the normal control mice were inoculated with the dengue
spleen homogenate isolated from DV infected mice wasvirus, a significant reduction in the platelet count was
tested using normal mouse spleen cells as target. Theeen on days 4 and 8 being 179 + 575XP&0.001)
test was carried out in 96 wells plates, using 0.1 mland 312 + 51x10(P=<0.01) respectively. In CrP fed
volume of each preparation. The target single cellmice DV inoculation caused no significant change
suspension of normal mouse spleen was prepared. Thefirig. 1).
the cell viability was measured by MTT assay. The MTT
assay was done in triplicate and the mean value of % c
non-viable cell as obtained in repeated experiments ar
presentetd. All procedures were carried out &C4in
ice bath.

600

8]

o

o
1

400 -
Statistical analysisTwo-way analysis of variance (Two-
way ANOVA) was done by Systat Software, Inc. (USA),
to compare the mean values of the outcome variable
considering chromium exposure and dengue virus
infection to animals as independent variables. Prior tc 0 588l . [
this homogeneity of variance between the treated group Control DV 4d DV 8d
were ascertained. The two-group comparison was don Groups

by calculating least significant difference at 5 per cent
level of significance.

300 A
200 A

100 A

Platelet Count In 108/Curnm

o Mormal 100ppm CrP m250ppm CrP

Results Fig. 1. Effects of CrP feeding (24 wk) on platelet count during

Effect CrP feeding on blood cells during DV infection dengue virus infection. CrP, chromium picolinate; DV, dengue virus;
] 4, 8, days after the virus infection compared to controls. (n=6 in
Effects on leucocyteth normal control mice the total each group). Values are mean + SD.



Table I. Leucocytes count in cromium picolinate fed mice after dengue virus (DV) infection

CrP treated TLC (19Cu mm) Lymphocytes (%) Granulocytes (%) Monocytes (%)
groups

Control Dv4d Dv8d Control Dv4d Dv8d Control Dv4d Dv8d Control Dv4d Dv8d
Normal 11.5+46 80+32* 58+23* 87+19 82+60 80+30 95+18 14+56 15+1.4* 33+03 4.0+08 4509

100ppm CrP 108+ 1.5 105+21 97+30 90+35 88+35 82+x05 80+29 80+x27 12+1.0* 23+06 39+x08 6.0%0.
250ppm CrP 11.2+2.3 10.8+03 93*12 86+6.0 85+10 87+9.0 10%3.0 11+10 12+x17* 3.2+15 41+32 33zx1°T

S1534-43 12 19 VAVLSVAINHS

o

Control, normal mice; DV4d, 4th day after infection DV; DV8d, 8th day after infection with DV; TLC, total leucocyte count g
Values are mean + SD of 6 animals in each group %
P*<0.05; ** <001 compared to normal g
c

Table II. RBC indices in cromium picolinate fed mice after dengue virus (DV) infection =

i)

CrP treated RBC (F0Cu mm) Hb (g/l) HCt (%) MCV (fl) S
groups %
Control Dv4d Dvad Control Dv4d Dvad Control Dv4d Dvad Control Dv4d Dvad B

m

Normal 88+05 6.2+03 59+05** 14+1.9 11+08 9.0+12* 29+38 21+20 23+23* 36+17 37+23 34+1.8 %

100ppm CrP 8.0+0.5 73+x12 7.7+x10 14+0.9 15+0.9 13+25 29+33 26 £ 5.6 31+45 36+22 36 +27
250ppm CrP 8.7+0.6 7.7%+17 7.6+05 16+0.9 14+ 3.4 14+09 37+1.0* 31x0.7 30+25 39+27 35+35

S
+ 1+
i
N
N3d

NOILD34NI SNHIA INON3

Control, normal mice; DV4d, 4th day after infection with DV; DV8d, 8th day after infection with DV; RBC, red blood cell; M&¥, corpuscular volume;
HCt, haematocrit; Hb, haemoglobin

P* <0.01 **<0.01 compared to control

* P<0.05 compared to control of normal unfed group

Value are mean = SD of 6 animals in each group

144%
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Effect on weight of spleefihe weight of the spleen in
the control normal mice was 477 + 59 mg/100 g body
weight. Significant reduction in the weight of the spleen
with 100 mg/lI CrP was observed [388 + 55 mg/100 g
(P<0.05) body weight] whereas with 50 mg/l CrP it was
increased significantlyR<0.05) being (587+79 mg/
100g). The weight of the spleen of normal mice
inoculated with DV was 439 + 30 and 340 + 25mg/
100 g body weight on day 4 and 8 post-inoculation,
respectively (Figs 2 & 3). When CrP treated mice were
inoculated with DV, only with 250 mg/I CrP dose a slight
protection was observed against DV induced reduction
in spleen weight in comparison to DV alone.

Effects on production of cytotoxic factor (CH)he

homogenate from DV-infected mice spleen produced
13 to 25 per cent cytotoxicity (Fig. 4). On the other
hand, no cytotoxic activity was seen in the spleen

700 -
600
500 4
400 4
300 4
200
100 ~

0

Spleen wtin mg/100 gmbody wi.

Dwid Cwad
Groups

o Normal 8 100ppmCrP @ 250ppmCrP |

Contral

Fig. 2. Effects of CrP on spleen weight (in mg/100g body weight)
during dengue virus infection. CrP, chromium picolinate; DV 4, 8
d, dengue virus 4, 8, days after the virus infection compared to
controls. Values are mean = SD of n=6 mice in each group.
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Fig. 3. Cytotoxic activity of the homogenates of spleens obtained
from various groups of mice. Values are mean + SD of n=6 mice in
each group.
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Fig. 4. Effects of CrP feeding on mitogenic stimulation of spleen
cells during dengue virus infection. Value are mean + SD (n=6).

homogenates obtained from CrP fed mice in comparison
to normal control mice. A significant decreade (
<0.001) in cytotoxic activity of spleen homogenate of
DV infected mice was observed after pretreatment with
CrP at both doses.

Effect on mitogenic stimulatioWwhen normal mice
spleen cells were treated with mitogen the observed
stimulation was 0.171 + 0.05. When normal mice were
inoculated with DV, maximum proliferation occurred
at the fourth day (0.375 £ 0.030) and it was suppressed
significantly on day 8#<0.05). On the other hand, after
24 wk of drinking of 100 mg/l CrP, spleen cell
proliferation in mice increased by two-fold of normal
mice spleen cells. When CrP (100 mg/l) fed mice were
inoculated with DV, on day 8 of infection there was no
DV induced suppression in mitogenic stimulation in
comparison to the DV alone mice group.

Discussion

The present study showed abrogation of DV-
induced adverse effects on different haematological
parameters in mice after feeding CrP for 24 wk. The
characteristic leucopenia, thrombocytopenia and
increased haematocrit are common findings in clinical
dengue disease and together with combination of
clinical picture are used as markers for early diagnosis
of dengue infectioff?*3! Constant haematological
abnormalities occurring in severe dengue disease
include bone marrow suppressibia Russa & Inni$
have reviewed data from experimental dengue
infections of volunteers and bone marrow studies from
patients with severe dengue virus infection which
showed that marrow suppression evolves rapidly
through several phases and recovers. The early blast
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cells and the differentiated haematopoietic elements areompounds are mainly non-to¥ié¢’. We had earlier
abortively infected, killed and eliminated by shown that Cr (VI) drinking led to reduction of most of
phagocytosis by specialized marrow dendritic cells. the haematological parameters (except platelet counts)
Cytokine production by virus-infected stromal cells is enhancing the severity of dengue illness in Mice

also altere#. The combined effect of these changes is
transient bone marrow suppression resulting in
leucopenia and thrombocytopenia.

In conclusion, abrogation of DV-induced adverse
effects on the haematological parameters by feeding
CrP, indicates a need for in depth investigation before

Our present findings are supported by those onit is used as supportive therapy in dengue and other
human subjects that the haematocrit, haemoglobin, RBGriral infections.
count, MCV, MCH, MCHC, red blood cell distribution
width, platelet count, and mean platelet volume are
within normal clinical ranges and are unchanged by Authors thank the Director, National Institute of Virology,
chromium picolinate supplementation for 12 %k Pune for providing dengue type_ 2 vir_us strain P230$5. The first
Recent studiés®®demonstrate that chromium picolinate author (RS) acknqwledges the fln_anC|aI support rec_elved in form

. . o e . . . of Research Associate from the Indian Council of Medical Research,
supp_l_e_mentatlon Slgmflcant_ly 'mProveS_ insulin New Delhi. The last author (UCC) was the former Professor of
sensitivity and glucose control in subjects with type 2 wjicrobiology, K.G. Medical College, Lucknow.
diabetes and also in obese subjects with polycystic ovary
syndrome.
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